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Results of spectrophotometric investigation on the dimerization of acridine orange mono-
hydrochloride in salt and co-solvent environments are presented. The salts such as LiCI, NaCl,
KCI, KBr, KI and MgCI. melt the 'icebergs' surrounding the dye molecules, and facilitate
dimerization through electrostatic compression by the negative ion atmosphere surrounding
the dye cation. The co-solvents such as glucose, formarnide, sucrose, methanol, ethylene glycol,
urea, ethanol, propylene glycol, dioxane and isopropanol check Ithe dimerization process, the
action being practically independent of the effective polarity of the medium.
ANALOGOUS to the hydrophobic association!(micelle formation), self-association of ionicdyes in aq. solution can be primarily an
entropy directed processv" in which the Frank-
Evans? 'icebergs', surrounding the dye molecules,
melt at least on the sides which meet in the post
dimerization periods, An entropy gain by the
system can thus take place, and a water structure
disrupting agent is anticipated to promote dimeriza-
tion". Inorganic salts such as KCI, KI, MgCl2 etc.
when present at higher concentrations, can function
as such agents-", which besides altering the water
structure may also bestow and electrostatic com-
pressions-? on two dye molecules by the negative
(anionic) atmosphere surrounding the central dye
cations, thus leading to increased associationt-t-.
Co-solvents (carriers of non-aqueous surroundings),
on the other hand, have a reverse effect on dye
aggregations-v, which in most cases are apparently
independent of their polarity9,l2,13. Having established
the dimerizing probability of only the monohydro-
chloride form of acridine orange in aq. mediuml4,l5,
the effects of salts and co-solvents on this process
were studied. This was felt necessary in view of
considering dye aggregation as a comparable model for
the association of sub-units in molecular bioiogyS,l6
The behaviour of dye molecules in non-aqueous
environments is worth investigating as regards the
practical use of dyes in biological staining. In vivo
medicinal uses of acridine dyes, and some of their
carcinogenic behaviour!" lend further importance to
such studies.
Materials and Methods
Acridine orange (BDH) was purified as described
earlierl+, and its homogeneity checked by TLC and
IR spectrum. All the salts and solvents used were
either BDH analar or E. Merck proanalysi grades.
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The solvents were further purified by adopting the
standard procedures. Urea, glucose and sucrose
were used as such. Doubly distilled conductivity
water was used throughout.
Results
Effect of added salts - In the presence of different
salts such as LiD, NaCl, KCI, KBr, KI, MgCl2 and
Me4NI, the shoulder at 465 nm of the pure dye
sample in water was found to become prominent
with the addition of increasing amount of a salt.
When the salt concentration was sufficiently high
(.-.tM) , the monomer band at 490 nm got signi-
ficantly reduced with the appearance of a prominent
dimer band at 465 nm. Of the several salts used,
the iodides behaved rather differently. A broad
band in the range 470-480 nm was observed at a
salt concentration as low as 0·2M. Other salts, on
the other hand, rendered the 465 nm shoulder
prominent, and a much higher concentration of the
salts was necessary to ensure the effect. No gradual
shift of the 490 nm monomer peak was observed.
The phenomenon was not considered to be meta-
chormasyv-!". The effects of the iodides were,
therefore, considered to be of different origin, and
any discussion on this is kept postponed until
results of further work become available.
Effect of co-solvents - The effects of co-solvents
were studied at a [dye] of 1·46x 10-5M in the
presence of 1M KCI. A constant ionic strength of
1M imparted constant activity to the aqueous dye
system (monomer and dimer). Addition.of c~-
solvents might then alter the thermodynamic acti-
vities of the dye species. Such a deviation might
not occur to a large extent as was pointed out by
Mukherjee and Ghosh-", that the activities of diffe-
rent species of a cationic dye, such as methylene
blue, greatly cancel one another. In addition to
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Fig. 1 - Effects of co-solvents on the visible spectra of the
dye at 1·46 x10-"M in 1M KCI [(1-4)0, 5, 10% (v/v) ethylene
glycol respectively, (5-7) 5, 10, 15% (v/v) propylene glycol
respectively, (8-10) 5, 10, 15% (v/v) dioxane respectively]
this substantiation, the positive activity influencing
effects of co-solvents were considered to be negligi-
.ble, since only small proportions (~0'05 mole
fractions) of them were mostly employed. This is
supported by the very minor effects of 0·05 mole
fraction of methanol, ethanol, dioxane, etc. on the
activities of low concentrations of HCI (ref. 21).
Therefore, the low dye concentrations used in the
presence of 1M KCl provides a constant activity
condition, wherefrom a direct comparison of the
monorner-dimer equilibrium can be made in the
presence of small proportions of the co-solvents,
disregarding further activity effects.
The effects of co-solvents such as ethylene glycol,
propylene glycol, and dioxane are shown in Fig. 1.
An increase in the proportions of a co-solvent
increases the intensity of 490 nm band with simul-
taneously smoothening the 465 nm band, thus
indicating the disruption? of dimers by the co-
solvents.
Estimate of dimers in the presence of salts and
co-solvents - To estimate the effects of salts and
co-solvents on the dimerization process, evaluation
of dimerization constant was carried out. The
method adopted was proved to be good enough for
the purpose of comparison especially when [dye]
was kept always constant and as low as 1·46x 10-sM.
This is further supported by the fact that the
dimerization constant evaluated by other
methods16,22,23 gave values very close to that of
ours. The method of computation of the dimeriza-
tion constant is given below.
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Fig. 2·- Effect of salts on the dimerization constant
[(1)MgCI2, (2) LiCl, (3) NaCl (4) KCI, KBr, KI, (5) Me.NI].
The monorner-dimer equilibrium can be repre-
sented by Eq. (1).
2M~D
c, c. ...(1)
In very dilute solutions the activity is taken equal
to concentration, and the dimerization constant is
given by Eq. (2).
Cd
Kd = C2
m
In 1M KC1,
J(' = CdYd
d C2y2
m m
where Kd is the salt influenced dimerization con-
stant, and Yd and Ym are the activity coefficients of
the dimeric and monomeric species respectively, in
the presence of 1M KCl. At constant salt concen-
tration, (Yd/Yi;.) remains constant, and
K" - K (Yi;.) _ Cd
a - d 'fa - Ci;.
Now the total concentration of the dye, Ct is
C, = Cm+2C4 ••• (5)
Neglecting the absorption of dimers at 490 nm in
view of its feeble contribution, the dimer concentra-
tion is given by Eq. (6)
Cd = HCt-A/Em) ••• (6)
where A is the absorbance of the solution, and Em is
the molar extinction of the monomer.
By combining Eqs. (4), (5) and (6) we get
K" _ Em(EmCt-A)
d - . 2A
Thus the apparent dimerization constant (K:t) in
the presence of 1M KCI was calculated using Eq.
(7). In the absence of any salt, J('d, = Kd. Since
it was of interest to make a comparison in the
presence of varying concentrations of different salts
and co-solvents, the dimerization constant was
always expressed in the mole fraction scale.
Experimental results of the salts and co-solvents
influenced monorner-dimer equilibrium are shewn in
Figs. 2 and 3. At high concentrations of the salts,
... (2)
•.. (3)
... (4)
... (7}
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Fig. 3 - Effect of co-solvents on the dimerization constant
[(1) glucose, (2) formamide, (3) sucrose, (4) methanol,
(5) ethylene glycol, (6) urea, (7) ethanol, (8) propylene glycol,
(9) dioxane and isopropanol]
6-ar, -------------
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Fig. 4 - Effect of dielectric constants on the dimerization
constant [(1) dioxane, (2} methanol, (3) ethanol, (4) iso-
propanol, (5) urea, (6) forrnamide]
11 12
though warranted limits are well above the simpli-
fied Debye-Huckel conditions, linear relations be-
tween log K~ and V~ were realized. The iodides
showed significant deviation from the normal trend.
Thus it was apparent that the process involved in
the case of iodides was not a dimerization but a
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TABLE 1- DIMERIZATION CONSTANTS OF
ACRIDINE ORANGE IN DIFFERENT ENVIRONMENTS AT
25 ± O'l°C
Medium containing
LiCI (M)
0·490
0'979
1·958
2·744±0·168
3-660±0'192
4'946±O'236
KCI (M)
0·5
1·0
2·0
2'505±0'159
4'217 ±0'210
6'208 ±0'260
MgC12 (M)
0'2
0·5
1·0
2·0
2·040±0·140
2·450 ±0'155
3'989±0'201
5'049±0'218
UREA (M)
0·5
1'0
2·0
2·92
2·018±0·139
1'275 ±0'1 06
0'744±0'057
0'436±0'047
ETHANOL (%, v/v)
5'0
10·0
15·0
1'417±0'112
0'644±0'054
0'112±0'019
DIOXANE (%, v/v)
2'0
5'0
10'0
15·0
2·069±0·140
1'123 ±0'099
O'519±0'049
0·294±0·041
FORMAMIDE (%, v/v)
2·0
4'0
8·0
15'0
20·0
3·516±0·192
2·364±0·127
1-484±0'115
1-199±0·101
0'449±0'047
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special kind of dye-salt interaction. Co-solvents
were observed to decrease the extent of dimeriza-
tion, though in a general sense this was not entirely
dependent on the polarity (dielectric constant) of
the medium (Fig. 4). (The dielectric constants
were obtained from the works of Akerlofw, Kundu
and Majumdar'", and Moldner et al.26• As an illu-
stration of the magnitude of the dimerization con-
stants in various environments, some representative
data are given in Table 1.
Discussion
The effects of salts and co-solvents on the dimeri-
zation constant are truly opposite. There is appa-
rently no relevance in the order among the many
co-solvents used from the standpoint of polarity.
At equal ionic strengths, salts having the same anion
but different cations, and vice versa behave diffe-
rently. All these facts complicate the rationale of
an unitary approach. An attempt to isolate the
MOULIK et al.: DIMERIZATION OF ACRIDINE ORANGE
several involved factors (electrostatic, hydrophobic, though possessing identical polarity as urea, is less
solvent structure, etc.) on the basis of approxi- effective as a monomerizing agent. All these results
rnations may lead to a conclusion which is contrary suggest that hydrophobicity is more vital than
to what is actually happenings". A general view of electrostatic factors".
the said complex process is described below. The behaviour of ure8.29 is interesting. Though
Aliphatic and aromatic molecules or groups res id- urea is a water structure breaker while ethanol is a
ing in water are surrounded by a low entropy struc- structure promoter, however up to 0·02 mole
tured region known as Frank's 'iceberg' region"; fraction, these two agents equally influence the
solvation of the nitrogen centres of the dye mole- dimerization process. In similar environments, urea
cules through hydrogen bonding via the positive and dioxane both melt 'icebergs' near the dye
centres of water dipoles may contribute to this molecules, but hydrophobic (non-polar) mixing of
region. The hydrophobic association-dissociation the dye molecules has a greater influence in dioxane
phenomenon of the dye molecules may energetically tha~ in urea. Some mixing of urea with the dye is
arise by the partial melting and forming of this possIble~ comparable to its binding with proteinss",
iceberg (water-induced dye association may involve and positive centres, such as H+ ions29,31 similar to
sandwiched water moleculesw). Ions of an added the binding of reducing sugars with amine32,33.
salt can loosen the protective water sheath around Under this situation, KCI is more effective in uniting
the dye molecule, i.e. destroying the 'iceberg '. the dye molecules where urea is present, and eventu-
Once this protection is disturbed, the bare dye ally dioxane is more efficient dimer breaker than
molecules associate as a result of the hydrophobic urea.
force. The negative environments of the anions The above discussion recognizes that salts break
surrounding the cationic dye can also have the the' iceberg' around the dye molecules and the
power to compel the partly or fully naked dye bare molecules associate to dimers. But when urea
monomers to unite by overcoming the formal charge formamide, etc. disrupt the' iceberg' structure the
repulsion of the -e-electrons operating among them. dimerization process is not favoured. These two
A comparatively efficient water structure disrupting opposite effects can be rationalized involving the
salt can thus function as a more effective dimerizing hydrophobic bond breaking property of urea and
agent. The observed dimerizing order of the salts formamide. These agents can destroy the ordered
is KBr>KCI~NaCI>LiCl>MgC12' For the same hydration sheath wrapping the dye molecules as
anion, C1- ions the structure forming cations can well as the hydrophobic bonds uniting them.
weaken the anionic field by shielding it via the Although the protective water sheath is broken
unloosened water sheath; the effective sequence self-association of dye molecules is not favoured
should be Mg2+>Li-l'>Na-l'>K-I'. But for the equal ~he? a co-solvent is added. Another way of look-
efficiency of Na" and K+, this order is maintained in mg into the matter could be the association of urea
the present study. A more structure disrupting and f?rI?amide with the dye30 preventing their self-
anion such as Br- ion increases the dimerization aSSOCIatIOn.
further. The activities of n-(CHa)4NBr and KBr Acknowledgement
.are comparable at low concentrations. However,
at higher concentrations, comparison could not be The authors thank S. Ganguli of Bose Institute,
made owing to the low solubility of the tetraalkyl Calcutta, for a gift of the dye sample. They also
salt. thank Profs M. N. Das and R. N. Mukherjea of the
The breaking of water structure-induced hydro- Departments of Chemistry and Chemical Engineer-
phobic dimer groups by the addition of non-aqueous ing, respectively, jadavpur Uruversrty, for labora-
solvents h2.3 been well demonstrated in the presence tory facilities.
of 1M KCI. In the presence of a co-solvent, the References
salt KCI has to take care of the' icebergs' in the K W Ad P . h (2J
.. iti f th d 11 th 1 t 1. AUZMANN, ., v. rotein C em., 14 (1959), 1.viciru ~es 0 e ye as vye. as e co-so ven Vz STAINSTRY,G. & ALEXANDER,A. E., Trans. Farada
(organic molecule). Its activity on dye molecules V Soc., 46 (1950), 587. y
is thus reduced. This, and the additional mixing v-O' GODDARD,E. D. & BENSON,G. C., Can. J. Chem., 35
functions of the organic molecules with the dye (1957), 968.
molecules (hydrophobic mixing) collectively act ~ GODDARD,E. D., HOEUE,C. A. J. & BENSON,G. C.,
it h di . . duci J. phys. Chem., 61 (1957), 593.OppOSI e to t e imerization process, re ucmg It . FLOCKHART,B. D., J. Colloid Sci., 16 (1961) 484
sharply. The observed dimer breaking order of "q.c. WHITE, P. & BENSON,G. C., Trans. Farad~y S;c. 55
the co-solvents is isopropanol> dioxane> propylene V (1959), 1025. '
glycol>ethanol>urea>glycol~methanol>sucrose> Y FRANK,H. S. & EVANS,M. W., J. chem, Phys., 13
f id 1 (F' 3) The i d h . (1945), 507.> orrnarm e>g ucose Ig.. e Increase cnam 8. ROBINSON,B. H., LiiFFLER,A. & SCHWARZ,G. Farada
lengths of the alcohols seem to make them more V Trans. I, (1973), 56. ,y
effective monomerizing agents. Dioxane is, strik- 9,. MUKHERJEE,P. & GHOSH,A. K., J. pbys, Chern., 67
ingly, more effective than urea", It appears from V (1963), 193.
the data in Fig. 4 that hydrophobicities have got a 710DESROSIERS,N., PERRON, G., MATHIESON,J. G.,
. 1 h he roolari 1 ff CONWAY,B. E. & DESNOYERSJ. E. J Soln Chemmore prominent ro e t an t e po anty t ley e ec- 3 (1974) 10. " . .,
tively impart to the medium. At equal mole frac- y!1. YAMAOKA:K., TAl<.ATSUKI,M., YAGUCHI,K. & MIURA
tions, dioxane is more effective than urea (Fig. 3), M., Bull. chem, Soc. Japan, 47 (1974), 611. '
although they act from the two ends of the polarity~· ARVAN,KH. Z. & ZAITSEVA,N. E., Opt. Spectr. (USSR),
1 (urea J th larit fIt' 10 (1961), 137.sca.e u:ea increases e po an y 0 aq. so u I?nS ia. MCKAY,R. B. & HILLSON,P. J., Trans. Parada Soc
while dioxane decreases It sharply). Formamide, V (1965), 1439. Y .,
309
INDIAN J. CHEM., VOL. 14A, MAY 1976
J.. M~ULIK, S. P., GHOSH, S. & DAS, A. R, Indian J. h,. AKERLOF, G., J. Am. chem, Soc., 54 (1932), 4125.
cse«; 14A (1976), 302. VZS. KUNDU, K. K. & MAJUMDAR, K., Faradav Trans. I,
015. MOULIK, S. P., GHOSH, S. & DAS, A. R, J. Phys. Chern., -vi 69 (1973), 806. -
\Coffimunicated). -,/0. ROHDEWALD, P. & MOLDNER, M., J. phys, Chem., 77
1;6.VINOGRADOV,S. N., HUDSON, R A. & SCOTT, R M., (1973), 373.
C\JI~ Biochem. Biophys, Acta, 214 (1970), 6. 27. HOLTZER, A. H. & EMERSON, F., J. phy>. ci-«; 73Nr~?- Acruiines, edited by R. M. Acheson (Wiley, Oxford), 1<;72. v (1969), 26. ..
7 18. MCKAY, H. B. & HILLSON, P. J., Trans. Faraday :;oc.,. 28. BERGERON, J. A. & SINGER, M., J. BwPhys. Btochem.
-J (1965), 1800. V Cyto!., 4 (1958), 433.J' BRADLEY, D. F. & VVOLF,M. D., Proc. Acad. su., 45 49. BULL, H. B., BREESE, E., FERGUSON,G. L. & SWENSON,.
(1959), 944. V C. A., Arens. Biochem. BioPhys., 104 (1964), 297.
JO. MUKHERJEE, P. & GHOSH, A. K., J. Am. chem. Soc., -.)d. BULL, H. B. & BREESE, K., Archs, Biochem. Biophys.,
.J 92 (1970), 6403. J 139 (1970), 931-M,Jl. HARNED, H. S. & OWEN, B. B., Physical chemistry of~1. MOULIK, S. P., Electrochim. Acta, 17 (1972), 1491.
electrolyte solution (Reinhold, New York), 1958, 752. J2. MOULIK, S. P., MITRA, A. K. & SEN GUPTA, K. K..-P2. BERGMAN, K. & O'KANSKI, C. T., J. phys. Chem., 67 rCarbOhYd. Res., 7 (1971), 491.
(1963), 2169. 33 MOULIK, S. p. & MITRA, A. K., Carbohyd, Res., 23
---123. BALLARD,R E. & PARK, C. H., J. chem, Soc., (1970), 1340. (1972), 65.
31(')
